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Transversity Results
one hadron final state — JqH;-

Two Hadron production
two hadron final state — dqH*
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Helicity amplitudes

The tool: Lepton scattering (DIS) Separate the scattering into a
hard and soft part:

Helicity amplitude Apy ary

Yo ¥ X
b <

o describe soft processes
with helicity amplitudes

e use helicity and parity
conservation

3 independent amplitudes survive A | ., A, y_and A, |
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Leading Twist Quark Distributions

momentum distribution

a(x,Q?)

helicity distribution
Aq(x,Q%)

transversity distribution
q(x,Q?%)

forward quark-nucleon amplitudes: (in hel

icity basis)

~ M (A A )
measures spin average

~IMA e — A )
measures helicity difference

~Im(Ay— —+)
measures helicity flip

probabilistic interpretation:

®

(in helicity basis)

e -

(in helicity basis)

©-®

(in basis of transverse spin
eigenstates)

= complete description of quark momentum (P) and spin (S) :

© () = 5 {a(x, Q)P + AAd(x, Q*)sP + 54(x, Q*)PsS 1}

2

— The full picture of the nucleon needs transversity
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Transversity

e Transversity distribution is chiral-odd (helicity flip)

 DIS conserves helicity O(%)
= need another chiral-odd function
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Transversity

e Transversity distribution is chiral-odd (helicity flip)

 DIS conserves helicity O(%)
= need another chiral-odd function

« In SIDIS: Collins fragmentation function H;"(z, (—zkt)?)
=- need semi inclusive processes (SIDIS)
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Transversity

e Transversity distribution is chiral-odd (helicity flip)

* DIS conserves helicity O(gy)
= need another chiral-odd function
« In SIDIS: Collins fragmentation function H;"(z, (—zk)?)
=- need semi inclusive processes (SIDIS)
At HERMES
5C](X, Qz) X HJJ._(Zv (_ZkT)Z)

accessible in azimuthal single spin asymmetries in SIDIS
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Azimuthal single spin asymmetries
Transversely polarized hydrogen target
Single spin azimuthal asymmetry (SSA)

Two combinations of DF and FF contribute
Collins AND Sivers

Collins mechanism Sivers mechanism
s T
0a(x, Q%) x Hi (z, (~zkt)?) fi5 (x,pF) x Dy
fragmentation function distribution function
chiral odd chiral even
implies non zero L
azimuthal single spin asymmetry | azimuthal single spin asymmetry
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on
the azimuthal angles ¢ and ¢g

NT(¢, ¢s) — N1 (¢, ds)
S NT(¢, ¢s) +Ni(o, ¢s)
sin(¢ + ¢s) Ze -6q(x) - Hy M29(z)

AUT (¢7 d)S) -

2

+ ...sin(¢ — bs) z:eg-fnl/2 (x) - DY(z)
q
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on
the azimuthal angles ¢ and ¢g

i NT(¢$ ()ZSS) - N’L((Zﬁ, (IZSS)
S1 NT(¢,¢s) +Ni(o, ¢s)
.sin(¢ + ¢s) Ze L5q(x) - Hy 1729(z)

AUT (¢7 ¢S) =

2

..sin(¢ — ¢s) Z:eg-fﬂl/2 (x)-D§(z)
q

/

~~

asymmetry ampl. AS'”(¢+¢S) and Asm(¢ bs)

bin Aut(¢, ¢s) in 12x12 bins,
perform two dimensional fit




Transversity at HERMES Transversity Results Two Hadron production Outlook
o le} [ 1e} oo

Unweighted Collins Moment

g; oy Fu o omoy | HERWES [ PRELIMINARY
5 ol R riecirae-Mall Results of 20022004 data
go ~smearin
Yoooe 3 +* ® Collins moment is positive for 7+ and

004 [ + + + E + + 7+ + + negative for 7—

0.02 - ol 4

ob + + 77777777 ® The large negative #— moment is

oo 7T b 3 unexpected.
;a; 00z F “ e o e A ® unfavored FF same size opposite sign?
g ° T ‘ T ® Collins fragmentation function is needed
[= o e}
! ::: 3 } +4 i ‘ ® BELLE data analyzed extraction of FF in
-

oos b ‘ | B + + el + l I progress

08 A\ E E | ® Result is consistent with published

01 f ‘ F E Collins moments.
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Unweighted Sivers Moment

b

[m Jr+ (2002-2004)
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* ]

HERME

not corrected [for: - acceptance

S [ PRELIMINARY

- smearing

S

A T (2002-2004)
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Results of 2002—2004 data:

Sivers moment is significantly positive for
w1 and implies a non-vanishing orbital
angular momentum LY.

Sivers moment for == is consistent with
zero.

fragmentation function known, extraction
of Sivers function possible.

Sivers function has opposite sign in
Drell/Yan (QCD prediction)

Result is consistent with published Sivers
moments.
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SSA with two hadrons on the proton

Aut ~ sin(¢rL + ¢s)sin(9)dqH "

1 NT(¢ri,¢s,0) — NY Ry, ¢s,0)

Aut (PR 1, Ps, )

" St INT(dr1, 65, 0) + NH(gr_, 05, 0)
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SSA with two hadrons on the proton
Aut ~ sin(¢r1 + ¢s)sin(8)oqH;

ﬁh:ﬁl-i-Pz

-~

Another way to access 6q

® two hadrons in the final state
® complementary process
® but new unknown fragmentation function

HI' (z, c08(0), M2 ) = H"®(z, M2 ) + cos()H;"* (2, M2 )
S— S——

s- and p-wave interference of 2 pions
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Ayt with two pions on Hydrogen
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sin(¢r_1 +¢s) sin(0)
AUT

e Hydrogen target

e clear sin(¢r, + ¢s) signal

° Afj_?_(d’Rl-ﬁ-(bs)Sin(a) — 0.040 +
0.009(stat) + 0.003(sys)
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Ayt with two pions on Hydrogen
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UT

Hydrogen target
clear sin(¢r 1 + ¢s) signal

o AS'_T_(¢R¢+¢S)S'”( ) _ — 0.040 +
0.009(stat) + 0.003(sys)

e positive signal for all mass
bins
e bin center at average mass

0.25-0.4-0.55-0.77-2.0
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HERMES Outlook

Current DIS statistics on transverse polarized Hydrogen target
Integrated DIS HERA Run Il {polarized)

X107 Prospects
4s00 - ® 2002/03 .
[ e 2003 e results based on 3 Mil. DIS
4000 /= s 2004
g ol e e 2005 more than doubled
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